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Abstract— In this paper, techno- economic and 
carbon credit analysis of off-grid solar photovoltaic 
power system for remote residential apartment is 
presented. Technical analysis entails the determination 
of the PV system components parameter values while 
the economic analysis computation of the cost. Carbon 
balance analysis estimate the saving in CO2 emissions 
that is expected by the installation of the PV power 
system. The case study household is located in Uyo, 
Akwa Ibom State Nigeria and it has energy demand of 
13204 Wh per day. The whole analysis were conducted 
using PVSyst software. The results showed that the 
system was designed for 5 % loss of load probability 
and 4 days power autonomy and it required 33 units PV 
array consisting of 130 Wp solar panels that generate a 
total of 4.3 kWp nominal power. Also, the system 
required 52 units of 100 Ah battery with a total of 49.9 
kWh total energy storage capacity at 80 % depth of 
discharge (DoD). Again, the annual energy production 
was 6002 kWh /year, the solar fraction was 98.7 % and 
the performance ratio was 63.6 %. The unit energy cost 
was 238 Naira per kWh.  The carbon balance results 
show that there is a saving of 54.576 tons of carbon due 
to the installation of the PV power system. 

Keywords— loss of load probability , CO2 emissions 
, techno- economic analysis, solar photovoltaic, carbon 
credit analysis,  power system 

 
1.  INTRODUCTION 
As the effect of greenhouse emissions continues to 
manifest in diverse ways across the globe, the quest for 
clean energy sources becomes more urgent 
[1,2,3,4,5,6,7,8]. The national grid in most African 
nations are not accessible large percentage of the nations’ 
population and this warrant the use of alternative energy 
source[9,10,11,12,13,14,15,16,17]. In most cases, the 
alternative source readily affordable in such nations are 

the fossil fuel-based energy generators [18,19, 20,21, 
22,23, 24, 25, 26].  
In any case, the solar photovoltaic (PV) energy generators 
are clean options which can minimize the emission of 
harmful gasses into the environment [27,28, 29,30, 31,32, 
33,34, 35]. Hence, in this paper, the techno- economic 
analysis along with carbon balance analysis of an off-grid 
solar photovoltaic power system for remotely located 
residential apartment is presented. The technical analysis 
is meant to determine the component sizes for such power 
system [36,37,38,39,40], the economic analysis is meant 
to provide the life cycle cost along with the unit cost of 
energy generated from the system 
[41,42,43,44,45,46,47,48]. The carbon balance analysis is 
meant to estimate the saving in CO2 emissions that is 
expected by the installation of the PV power system 
[[49,50,51,52,53,54,55]. The analysis was done using the 
notable PVSyst simulation software [56,57,58,59,60,61]. 
 

2 METHODOLOGY 
 
Techno-economic analysis is a combination of technical 
and economic analysis. Technical analysis entails the 
determination of the PV system components parameter 
values while the economic analysis computation of the cost 
of acquiring, installing and maintaining the PV system all 
through its lifetime and also to determine the unit cost of 
energy of the PV system. The technical analysis involves 
determination the target load demand, the solar radiation 
data of the operating location of the PV system, and 
determination of the PV system components parameter 
sizes. The case study load is for a residential apartment in 
Uyo, Akwa Ibom State with load demand profile given in 
Figure 1 while the screenshot of the hourly load distribution 
is given in Figure 2. The solar radiation data of the 
operating location of the PV system is given in Figure 3; it 
has geo-coordinates with of latitude of 5.05  and longitude 
of 7.9. The system has energy demand of 13204 Wh per 
day. 
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Let  𝐴௕௔௧௖௖ denote the charge controller rating in ampere 
and 𝑈𝐶௕௔௧௖௖௉஺  denote the unit cost per ampere of the 
charge controller , then, the cost of the battery charge 

controller denoted as 𝐶௕௔௧௖௖ is defined as; 

𝐶௕௔௧௖௖  ൌ   𝐴௕௔௧௖௖ ሺ 𝑈𝐶௕௔௧௖௖௉஺ ሻ  (12) 
The cost of the inverter, ሺ𝐶௜௡௩ ሻ is defined as;  

𝐶௜௡௩ ൌ   𝐼𝑛𝑣௪ ሺ 𝑈𝐶௜௡௩௉௪ ሻ  (13) 
Where the parameters are 𝐼𝑛𝑣௪ (inverter power rating) and 

𝑈𝐶௜௡௩௉௪ (inverter unit cost per watt). 
The initial cost of battery bank ሺ𝐶𝐶௕௔௧ ሻis defined as  

 𝐶𝐶௕௔௧ ൌ 𝐵𝑎𝑡஺௛ ሺ𝑈𝐶௕௔௧ ሻ    (14) 
Where the parameters are 𝐵𝑎𝑡஺௛  (required Ah rating of 
battery bank)   and 𝑈𝐶௕௔௧ (unit cost of battery per Ah).   

 
The battery bank lasts  for 5 years while the system life 
cycle is,  N = 25 years. Therefore, every five years the 

battery bank is replaced. If  i denotes the inflation rate and d 
denotes the discount rate, the  𝐶𝐶௕௔௧ሺ୒ሻ  is computed for n = 

5, 10,15, and 20, hence;  

𝐶𝐶௕௔௧ሺ୬ሻ ൌ  𝐶௕௔௧ ቀ ଵା୧

ଵାୢ
ቁ

୬
  (15) 

The initial yearly operation and maintenance cost denoted 
as 𝐶ெ&ை   is estimated as  2 % of the  PV cost, hence, 

  𝐶ெ&ை ൌ 0.02൫𝐶௣௩ ൯  
 (16) 

Let 𝐶்ெ&ை  denote the yearly operation and maintenance 
cost which is computed for the lifetime of the system, 

where; 

𝐶்ெ&ை  ൌ  𝐶ெ&ை ቀ
ଵା୧

ଵାୢ
ቁ ൭

ଵିቀ
భశ౟
భశౚቁ

ొ

ଵିቀ
భశ౟
భశౚቁ

൱           (17) 

   The solar power system life cycle cost denoted as LCC is 
given as; 

  𝐿𝐶𝐶 ൌ 𝐶௣௩ ൅ 𝐶௕௔௧௖௖  ൅ 𝐶௕௔௧ሺହሻ ൅ 𝐶௕௔௧ሺଵ଴ሻ ൅ 𝐶௕௔௧ሺଵହሻ ൅

𝐶௕௔௧ሺଶ଴ሻ ൅ 𝐶௜௡௩ ൅ 𝐶௜௡௦௧ ൅ 𝐶்ெ&ை  (18) 
 

  Let ALCC denoted the yearly life cycle cost,  then; 

𝐴𝐿𝐶𝐶 ൌ  𝐿𝐶𝐶 ൭
ଵିቀ

భశ౟
భశౚቁ

ొ

ଵିቀ
భశ౟
భశౚቁ

൱           (19) 

The unit cost (UC) of electrical energy in N/kWh  is 
calculated as;  

 

𝑈𝐶 ൌ  
஺௅஼஼

ଷ଺ହሺ  ୉ౢሻ
           (20) 

The PVSyst uses the economic analysis data to estimate the 
Carbon Balance which is the saving in CO2 emissions 
that is expected by the installation of the PV power 
system. 

 
3 RESULTS AND DISCUSSION 

 
The system component setting for PV array and the charge 
controller are presented in Figure 4 while the setting for the 
battery bank is given in Figure 5. According to Figure 4, the 
system was designed for 5 % loss of load probability and 4 
days power autonomy and it required 33 units PV array 
consisting of 130 Wp solar panels that generate a total of 
4.3 kWp nominal power. Also, Figure 5 shows that the 
system required 52 units of 100 Ah battery with a total of 
49.9 kWh total energy storage capacity at 80 % depth of 
discharge (DoD).  
The summary of the main results of the PV standalone 
power system is given in Figure 6.  According to Figure 6, 
the annual energy production is 6002 kWh /year and the 
performance ratio is 0.637 (that is 63.6 %). The unit energy 
cost is 238 Naira per kWh. The results on the system 
energy balance and solar fraction shown in Figure 7 shows 
that the solar fraction is 0.987 which means that the PV 
power system is able to supply about 98.7 % of the total 
energy demand of the load. The details of the economic 
analysis of the PV system is given in Figure 8 which 
reaffirms the 238 Naira per kWh unit energy cost. 

The result of the carbon balance analysis of the PV system 
is shown in Figure 9 and Figure 10 shows some details of 
the results on the carbon balance analysis of the PV system. 
The carbon balance results show that there is a saving of 
54.576 tons of carbon due to the installation of the PV 
power system. 
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